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Helicobacter pyloria b s t r a c t
Mucosal epithelia are targeted by several microorganisms as a way of adhesion, internalization, and/
or exploitation of the host properties to induce disease. Helicobacter pylori are worldwide prevalent
bacteria that colonize the human stomach. Persistent infection of the gastric mucosa with H. pylori
and concurrent chronic gastritis are risk factors for ulcer disease and gastric carcinoma. Therefore,
interactions at the H. pylori–epithelial interface are important to understand the pathogenesis of
these bacteria and the host responses that contribute to disease development. Here, we provide
an overview of the interactions between microorganisms and the adherens junctions with an
emphasis on H. pylori.
 2012 Federation of European Biochemical Societies. Published by Elsevier B.V. Open access under 1. Epithelial cell–cell junctions
Mucosal epithelia establish an interface between the external
environment and the internal organs. They are physical and
functional barriers that prevent external elements, like microor-
ganisms, to reach the interstitial space and the bloodstream. This
is mainly accomplished by the existence of cell–cell junctions –
tight junctions, adherens junctions, desmosomes, and gap junc-
tions – which are essential components of epithelial integrity
[1,2].
The tight junctions are the most apical set of cell–cell junctions
that separate the apical and basolateral domains of the plasma
membrane, and selectively regulate the paracellular ﬂux of ions
and small molecules [3]. They are composed of transmembrane
proteins occludin, claudins, and junctional adhesion molecules
(JAMs), and cytosolic proteins zonula ocludens (ZO)-1, -2, and -3,
that bridge transmembrane proteins with the cytoskeleton [4].
Adherens junctions are localized immediately below tight junc-
tions and their main function is to maintain cell–cell adhesion. The
major component of the adherens junctions is the transmembrane
protein E-cadherin. The extracellular part of E-cadherin establishes
homophilic interactions with E-cadherin molecules of neighboring
cells, promoting cohesion of the epithelium. E-cadherin may alsoestablish heterophilic interactions, namely with the receptor tyro-
sine kinases EGFR and c-Met, modulating their signaling properties
[5,6]. The cytoplasmic domain of E-cadherin is associated with b-,
p120-, and a-catenins, and this complex establishes a connection
to the actin cytoskeleton via Eplin. These protein–protein interac-
tions, as well as the phosphorylation status of the catenins, are
important in junction stabilization [7,8].
Desmosomes provide mechanical stability and intercellular
communication to neighboring cells. They are composed of trans-
membrane desmoglein and desmocollin cadherins that bind cyto-
plasmatic plakoglobin and plakophilin, which in turn interact with
desmoplakin. The latter anchors intermediate ﬁlaments and estab-
lishes a mechanical continuum across cells [9]. Gap junctions are
plaques of many small channels constituted by connexins that al-
low intercellular passage of ions and small molecules. In addition,
gap junctions have a role in regulating cell morphology, establish-
ing polarity, and rearrangement of the cytoskeleton [10].
2. Adherens junctions as targets of microorganisms
Disruption of the intercellular junctions is a strategy used by
several microorganisms as a means of adhering to cells, entering
cells, and/or exploiting host signaling to their advantage. Although
in mucosal epithelia the tight junctions prevent most microorgan-
isms from penetrating into deeper tissues, some can breach this
barrier and reach cell–cell junctions at levels below the tight junc-
tions, namely the adherens junctions.
260 A.M. Costa et al. / FEBS Letters 587 (2013) 259–2652.1. Adherens junctions as receptors for microorganisms
At the adherens junctions, E-cadherin is used as a receptor for
adhesion and/or internalization by several microorganisms, allow-
ing microbial persistence in the host, avoidance of mechanical
clearance, and increased pathogenesis (Table 1).
The best studied pathogen that uses E-cadherin for adhesion
and internalization into the host cells is Listeria monocytogenes. L.
monocytogenes is a Gram-positive foodborne pathogen that can
cause diseases such as gastroenteritis, meningoencephalitis, and
sepsis [11]. To adhere to and to promote its internalization into
host cells, L. monocytogenes utilizes cell wall surface internalins A
(InlA) and B (InlB) [12]. InlA speciﬁcally binds to E-cadherin [12]
and recruits a-, b- and p120-catenins to the site of bacterial entry,
triggering dynamic events of actin polymerization and membrane
extensions, culminating in bacterial uptake [13,14].
Candida albicans is an opportunistic fungus that can cause
hematogenously disseminated and mucosal candidiasis. Fungal
invasion of the host cells is an important pathogenic feature of C.
albicans-related diseases. One of the mechanisms that underlies
C. albicans invasion is the adhesion to N-cadherin on endothelial
cells and to E-cadherin on oral epithelial cells. Adhesion followed
by endocytosis occurs via the agglutinin-like sequence (Als3) adhe-
sin expressed by C. albicans hyphae [15].
Streptococcus pneumonia is a Gram-positive bacterium that fre-
quently colonizes the upper respiratory tract of humans. This
asymptomatic colonization can however progress to invasive dis-
eases, including pneumonia, sepsis and meningitis. It has been
shown that S. pneumoniae adheres to the epithelial cell surface in
the ﬁrst steps of nasopharyngeal carriage and colonization, and
E-cadherin has been identiﬁed as a receptor for the pneumococcal
surface adhesin A (PsaA) [16].
Clostridium botulinum is a Gram-positive bacterium that can
cause food-borne botulism in humans. C. botulinum produces a
potent neurotoxin, the botulinum neurotoxin (BoNT), which is
the etiological agent of botulism. BoNT forms large protein com-
plexes through association with non-toxic components, such as
hemagglutinin (HA). HA directly binds E-cadherin and disrupts
E-cadherin-mediated cell–cell adhesion and the epithelial barrier
[17], providing a putative explanation for the passage of the oral-
ly-ingested BoNT from the gut lumen to the systemic circulation
through the intestinal epithelial barrier.
2.2. Adherens junctions disruption by microorganisms
E-cadherin has also been reported as a target of bacterial prote-
ases. E-cadherin cleavage leads to weaker cell–cell adhesion whichTable 1
Infectious agents and proposed mechanisms of targeting of the adherens junctions.
Species Virulence factor Host target/propose
Listeria monocytogenes InlA Adhesion to E-cadh
Streptococcus pneumoniae PsaA Adhesion to E-cadh
Clostridium botulinum BoNT HA Adhesion to E-cadh
Candida albicans Als3 Adhesion to E-cadh
Sap5p Extracellular and in
Bacteroides fragilis BFT Extracellular and in
Porphyromonas gingivalis HRgpA, RgpB, Kgp Extracellular E-cadh
Enterococcus faecalis GelE Extracellular E-cadh
Escherichia coli HtrA Extracellular E-cadh
Shigella ﬂexneri HtrA Extracellular E-cadh
Campylobacter jejuni HtrA Extracellular E-cadh
Helicobacter pylori HtrA Extracellular E-cadh
? Extracellular E-cadh
Staphylococcus aureus Hla Extracellular E-cadh
Pseudomonas aeruginosa ? Alteration of phospmay allow access of the microorganisms to the intercellular epithe-
lial spaces and underlying tissues.
Enterotoxigenic Bacteroides fragilis (ETBF) are Gram-negative
pathogens associated with diarrheal disease. ETBF produce a toxin
named fragilysin or BFT which speciﬁcally cleaves the extracellular
domain of E-cadherin on intestinal and on other polarized epithe-
lial cells, resulting in junction disassembly [18]. E-cadherin cleav-
age by BFT releases b-catenin to the cytoplasm, resulting in b-
catenin nuclear localization and stimulation of b-catenin–TCF-
dependent cell proliferation [19]. This BFT-mediated extracellular
domain cleavage of E-cadherin also induces proteolysis of intracel-
lular E-cadherin, in a process dependent on c-secretase [20].
Porphyromonas gingivalis is a Gram-negative and highly invasive
intracellular pathogen and an etiological agent of human adult
periodontitis. P. gingivalis produces cysteine proteases termed gin-
gipains, namely HRgpA, RgpB, and Kgp, which are able to degrade
E-cadherin. This process of disruption of the adherens junctions
suggests that P. gingivalis can invade the underlying connective tis-
sues via the paracellular pathway [21].
Enterococcus faecalis are Gram-positive commensal bacteria of
the mammalian gastrointestinal tract, which can cause opportunis-
tic infections when they penetrate the gut barrier. The GelE metal-
loprotease from E. faecalis cleaves the extracellular domain of E-
cadherin, and is implicated in the development of chronic intesti-
nal inﬂammation by impairment of the epithelial barrier integrity.
Mice that are susceptible to intestinal inﬂammation show reduced
levels of the extracellular domain of E-cadherin, which result from
GelE-mediated proteolytic cleavage [22].
The contact of C. albicanswith oral and with intestinal epithelial
cells induces E-cadherin cleavage, both in the extracellular and in
the intracellular domains, and c-secretase is implicated in the lat-
ter cleavage event [23,24]. Interestingly, during the interaction of
C. albicans with oral epithelial cells, E-cadherin is degraded only
in localized areas of tissue invasion by the Sap5p secreted aspar-
tyl-protease of the fungus [24].
Staphylococcus aureus are Gram-positive bacteria that are
responsible for a considerable number of clinically relevant infec-
tions, including those of the skin and of the lower respiratory tract.
One of the most important virulence factors of S. aureuswhich con-
tributes to the pathogenesis of pneumonia is a-hemolysin (Hla).
Hla induces injury in epithelial cells by interacting with its recep-
tor, the zinc-dependent metalloprotease ADAM10. Hla upregulates
ADAM10 metalloprotease activity in alveolar epithelial cells, and
the upregulation of ADAM10 results in cleavage of E-cadherin.
E-cadherin cleavage leads to disruption of the epithelial barrier
function, thus contributing to the pathogenesis of lethal acute lung
injury [25].d mechanism Reference
erin and host cell invasion [12, 13, 14]
erin and host colonization [16]
erin and disruption of host cell–cell adhesion [17]
erin and host cell invasion [15]
tracellular E-cadherin cleavage [24]







erin cleavage via ADAM-10 [60]
erin cleavage via ADAM-10 [25]
horylation and localization of adherens junctions proteins [26]
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tions disruption that do not require E-cadherin cleavage have also
been described. Pseudomonas aeruginosa disrupts adherens
junctions by altering the phosphorylation status of E-cadherin
and b-catenin, which is paralleled by changes in the expression
and distribution of these junctional proteins [26].
3. Disruption of the adherens junctions by Helicobacter pylori
Helicobacter pylori are spiral-shaped Gram-negative bacteria
that colonize the stomach of more than half of the world popula-
tion [27,28]. H. pylori infection results in chronic gastritis in all in-
fected individuals, a condition that persists during the host lifetime
if the infection is not eradicated. Infection may also result in more
severe clinical outcomes, such as peptic ulcer disease, gastric mu-
cosa-associated lymphoid tissue (MALT) lymphoma, and gastric
carcinoma, for which the diversity in virulence of H. pylori strains
is an important factor [27,29].
One of the most important differences in virulence between H.
pylori strains is the presence of the cag pathogenicity island, encod-
ing a type IV secretion system (T4SS), which allows translocation of
the bacterial effector CagA into host cells [27]. T4SS-mediated CagA
translocation occurs via the host beta1 integrin receptor, located at
the basolateral surface of epithelial cells [30,31]. Inside the host
cell, CagA may undergo tyrosine phosphorylation by host kinases
[32–34], and both phosphorylated and non-phosphorylated CagA
can activate multiple signaling pathways leading to cell prolifera-
tion, cytoskeletal rearrangements, and disruption of cell–cell
junctions [32,34,35]. Individuals infected with CagA-positiveFig. 1. H. pylori mechanisms of adherens junctions disruption. H. pylori and IL-1b induc
DNA methyltransferase (DNMT) activity. H. pylori-induced ADAM10 and the bacterial sec
to E-cadherin internalization. H. pylori, in a CagA-dependent manner, induce b-catenin nu
occur due to activation of the PI3K/Akt signaling pathway via EGFR and c-Met, leading t
induce p120-catenin translocation to the nucleus, releasing Kaiso and promoting MMP-strains have more severe inﬂammation and epithelial damage in
the stomach, and enhanced risk for peptic ulcer disease and gastric
carcinoma, than those infected with CagA-negative strains [36–
39]. The risk for gastric carcinoma is higher especially in individu-
als infected with H. pylori strains harboring high number of tyro-
sine phosphorylation sites in CagA [40–42].
Several lines of evidence show that H. pylori interfere with cell–
cell junctional complexes, although the importance of this phe-
nomenon for disease development is not fully understood. In the
gastric mucosa, H. pylori can be found within the mucus layer
and in close contact with the epithelial cells, preferentially at the
apical side of the intercellular contacts [43–45]. The tropism of
the bacteria for this localization may contribute to alterations to
the structure and function of the tight junctions. Indeed, it has
been shown that H. pylori infection of epithelial cells induces inter-
nalization of occludin and claudins, and increases myosin light
chain phosphorylation, leading to increased epithelial barrier per-
meability [46–48]. Furthermore, CagA interacts with ZO-1 and
JAM-A, and recruits these proteins to the sites of bacterial attach-
ment, altering the composition and function of the tight junctional
complex [35].
It has also been observed that H. pylori reaches the intercellular
spaces below the tight junctions, and even penetrates the epithe-
lium towards the lamina propria on the basolateral side of the cells
[44], showing that H. pylori is able to disrupt the adherens junc-
tions. Interestingly, there are also reports demonstrating the pres-
ence of H. pylori inside the host cells, both in biopsies and in vitro
[44,49–51]. Whether this particular localization of H. pylori is
related to the use of the adherens junctions as a means ofe E-cadherin (CDH1) gene promoter methylation that coincides with an increase in
reted HtrA protease cleave the extracellular domain of E-cadherin, possibly leading
clear translocation and transcriptional activation of TCF/LEF target genes. This may
o suppression of GSK3b activity and inhibiting b-catenin degradation. H. pylori also
7 transcription.
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mains to be elucidated.
To date several mechanisms by which H. pylori interacts with
different elements of the adherens junctions have been described
and are summarized in Fig. 1.
3.1. Helicobacter pylori and E-cadherin
H. pylori targets E-cadherin by several mechanisms. Promoter
methylation of the CDH1 gene (encoding E-cadherin) is frequently
observed in H. pylori-infected individuals [52–54]. The importance
of this epigenetic mechanism of gene silencing in the context of H.
pylori infection is reinforced by studies showing that eradication of
H. pylori reduces CDH1 promoter methylation levels [53–55].
Although the molecular mechanisms through which H. pylori
mediates E-cadherin promoter methylation are not fully under-
stood, Qian et al. have shown that CDH1 promoter methylation
could be induced by infection with H. pylori or treatment of gastric
cancer cell lines with interleukin-1b (IL-1b), a cytokine up-regu-
lated in the context of H. pylori infection [56]. This effect was inhib-
ited by treatment with an interleukin-1 receptor antagonist (IL-
1ra) antibody, suggesting that IL-1b may play a role in E-cadherin
methylation [56]. More recently, the same group has extended the
study and showed that H. pylori- and IL-1b-mediated CDH1 pro-
moter methylation, led to decreased E-cadherin expression and
concomitant increase in DNA methyltransferase activity [57]. Nev-
ertheless, other studies have failed to show a decrease in E-cad-
herin expression associated with H. pylori infection both in cell
lines and in the gastric mucosa [52,58,59]. Of note, genetic altera-
tions such as CDH1 mutations have not been described in associa-
tion with H. pylori infection.
In addition to epigenetic silencing, H. pylori has been associated
with other mechanisms of disturbance of E-cadherin functions,
such as proteolytic cleavage of its extracellular domain (also
known as ectodomain shedding), and protein delocalization from
the cell membrane.
Weidig et al. and Schirmeister et al. reported E-cadherin ectodo-
main shedding upon H. pylori infection in two different cell line
models, the breast cancer MCF-7 and the gastric cancer NCI-N87
cells, respectively [60,61]. In both reports, ectodomain shedding
of E-cadherin was neither dependent on H. pylori CagA nor on
the presence of a functional T4SS. This ﬁnding is in keeping with
a recent report showing that H. pylori-positive patients had signif-
icantly higher serum levels of soluble E-cadherin than uninfected
controls, independently of the CagA status of the infecting strain
[62]. There is evidence that the host disintegrin metalloproteinase
ADAM10 contributes to H. pylori-induced shedding of E-cadherin
in NCI-N87 cells, but since speciﬁc inhibition of ADAM10 led to a
partial inhibition of E-cadherin shedding, it is possible that other
proteases are also involved in this process [60]. In fact, Hoy et al.
have recently identiﬁed the high-temperature requirement A
(HtrA), a serine protease from H. pylori, as a new secreted virulence
factor which cleaves the ectodomain of the E-cadherin. E-cadherin
shedding by HtrA leads to epithelial barrier disruption and may al-
low H. pylori to access the intercellular spaces [63]. HtrA-mediated
E-cadherin cleavage may be a pathogenic mechanism of multiple
Gram-negative bacteria, as it is has recently been shown for patho-
gens such as enteropathogenic Escherichia coli, Shigella ﬂexneri, and
Campylobacter jejuni [64].
H. pylori also induces E-cadherin translocation from the cell
membrane to the cytoplasm [59,60]. Conlin et al. have demon-
strated that H. pylori-induced redistribution of E-cadherin to intra-
cellular vesicles was accompanied by the translocation from the
cytoplasm to intracellular tubular structures of IQGAP-1, a protein
that regulates the formation of adherens junctions [59]. The results
of E-cadherin internalization mediated by H. pylori in the NCI-N87gastric cell line were conﬁrmed in primary gastric cells. After 48 h
of bacterial infection, the presence of a reduced level of E-cadherin
at the cell membrane was demonstrated, with reduced level of
cell–cell adhesion. These alterations to epithelial cell adhesion
molecules induced by H. pylori were paralleled by increased levels
of Rho-GTP and cell migration [59]. Using the human breast cancer
MCF-7 cell line, Weidig et al. also reported internalization of E-cad-
herin upon H. pylori infection, simultaneously with E-cadherin
cleavage [61]. A rapid dissociation of the E-cadherin/b-catenin/
p120 complex from the actin cytoskeleton was observed upon
infection, by disruption of the interaction between E-cadherin
and a-catenin [61].
Although E-cadherin alterations mediated by H. pylori are inde-
pendent of CagA, physical interaction between these proteins has
been described by two independent groups using different cell lines
and methodologies [65,66]. Murata-Kamiya et al. used the gastric
cancer cell line MKN28 transfected with CagA expression vectors,
and showed that CagA was able to interact with E-cadherin. This
led to b-catenin release from the adherens junctions and nuclear
translocation, with transactivation of genes encoding intestinal spe-
ciﬁc proteins like MUC2 [65]. This effect was independent of the
CagA tyrosine phosphorylation status but dependent on a speciﬁc
region known as the CM (CagA multimerization) sequence [67].
Using in vitro infection with live bacteria, Oliveira et al. showed
that CagA interactswith E-cadherin, both in human gastric AGS cells
transfected with wild type E-cadherin, and in the NCI-N87 cell line
that naturally establishes adherens junctions [66]. Furthermore,
and in parallel with CagA/E-cadherin interaction, interactions be-
tween p120 and CagA, and between c-Met and CagA were also ob-
served after H. pylori infection, raising the possibility that the
CagA/E-cadherin interactionmight not be direct [66]. In fact, silenc-
ing of c-Met in these cells abolished the interactions between CagA
and E-cadherin, and CagA and p120, suggesting that CagA interac-
tion with elements of the adherens junctions is mediated by c-Met
[66]. The CagA, c-Met, E-cadherin, and p120 multiprotein complex
led to impairment of H. pylori-induced c-Met-mediated signaling
and suppression of cell invasion [66]. These ﬁndings are in agree-
ment with previous observations in E-cadherin defective gastric
cells in which H. pylori activated c-Met signaling [68,69], and in-
creased the activity of MMP2 and MMP9, leading to extracellular
matrix degradation and subsequent cell invasion [69].
3.2. Helicobacter pylori and b-catenin
The binding of catenins to the intracellular domain of E-cad-
herin has a crucial role in the adherens junctional complex stabil-
ization, connection to the cell cytoskeleton, and cell signaling.
When not tethered at the membrane in the adherens junctions,
b-catenin is phosphorylated by the serine/threonine kinase glyco-
gen synthase kinase 3b (GSK3b), adenomatous polyposis coli
(APC), axin, and casein kinase 1a (Ck1a) complex, and targeted
to degradation via the ubiquitin/proteasome pathway [70]. This
degradation pathway is counteracted when theWnt pathway is ac-
tive, resulting in b-catenin stabilization in the cytoplasm. Cytoplas-
mic stabilized b-catenin may be translocated into the nucleus
where it forms a complex with the transcription factors of the T-
cell factor/lymphoid enhancer-binding factor (TCF/LEF) family,
promoting the expression of a wide-range of genes [71,72].
Several studies have addressed the effect of H. pylori infection in
b-catenin signaling and have shown that H. pylori leads to the delo-
calization of b-catenin from the cell membrane [58,61,65,67,73–
80]. H. pylori phosphorylates and inactivates GSK3b [76–78,81]
and, by suppressing GSK3b activity, leads to inhibition of b-catenin
phosphorylation and ubiquitin-dependent degradation [76]. H.
pylori-mediated GSK3b suppression occurs through activation of
the phosphatidylinositol 3-kinase/protein kinase B (PI3K/Akt)
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one report however, b-catenin stabilization was described to occur
in a phosphorylation-independent process [74].
The canonical Wnt-signaling pathway appears also to be in-
volved in the regulation of b-catenin in the context of H. pylori
infection. In fact, it has been shown that after H. pylori infection
there is increased synthesis of Wnt10A by the epithelial cells
[84]. Additionally, H. pylori-induced activation of b-catenin was
shown to involve the phosphorylation of the Wnt pathway co-
receptor low density lipoprotein receptor-related protein LRP6
and proteins of the disheveled family, namely Dvl2 and Dvl3 [80].
H. pylori infection leads to b-catenin translocation to the nu-
cleus [65,73–80]. There are however two studies in non-gastric cell
lines that did not show nuclear translocation or activation of b-
catenin signaling after infection [58,85]. b-catenin nuclear translo-
cation induced by H. pylori leads to TCF/LEF-dependent transcrip-
tion of genes involved in carcinogenesis, including cyclin D1
[65,67,76,78,80]. This effect was shown to be CagA-dependent in
the majority of studies [65,67,73,74,77,79], with the exception of
one study performed in a non-human, non-gastric cell line [76].
Additional effectors of the T4SS, like peptidoglycan [82,86], and
other H. pylori virulence factors, such as the multifunctional toxin
VacA [78,87] and the outer membrane protein OipA [75,88], may
also be involved. The use of the Mongolian gerbil model has shown
that H. pylori induces gastric carcinoma precursor lesions, with
aberrant b-catenin expression, that led to transcriptional up-regu-
lation of genes implicated in carcinogenesis. In this model-system,
and in agreement with most of the cell-line models, aberrant b-
catenin expression was associated with infection with H. pylori
CagA-positive strains [74,75].
3.3. Helicobacter pylori and p120-catenin
p120-catenin (p120) is another important component in adher-
ens junctions stability and signaling [89]. p120 binds to the juxta-
membrane domain of E-cadherin [89], and mutations in this
domain abolish E-cadherin-mediated cell–cell adhesion [90]. In
addition to E-cadherin stabilization, p120 can also interact with
the transcription factor Kaiso [91].
Two studies reported thatH. pylori alters the cellular localization
and the phosphorylation status of p120, but not total p120 protein
levels [85,92]. Krueger et al. showed that after 6 h of infection of pri-
mary gastric epithelial cells, there was a recruitment of the non-
phosphorylated p120 to perinuclear vesicles, whereas the fraction
of phosphorylated p120 increased and could be detected in the nu-
cleus, at the cell membrane, and at the leading edge of migrating
cells [92]. Those alterations were associatedwith elongation of cells
and increasedmigration.Ogdenet al. also showednuclear transloca-
tion of p120 after H. pylori infection of MKN28 cells and of ex vivo
mouse gastric glands. Nuclear translocation of p120 induced by H.
pylori was associated with increased MMP-7 mRNA, and occurred
by release of the MMP-7 transcriptional repressor Kaiso. These
changes were associated with reduced levels of p120 phosphoryla-
tion, while total p120 remained unchanged [85]. H. pylori-mediated
p120 nuclear translocation was dependent on factors of the T4SS,
but independent of CagA [85].
4. Conclusions and outlook
The present knowledge on cell–cell junction dysfunction by H.
pylori has largely stemmed from ﬁndings in in vitro models.
Studies using cell line models should be interpreted carefully, as
they are often performed with non-human and non-gastric, and
frequently cancer-derived cells, some of which have impaired
cell–cell junctions and/or mutations in important components ofsignaling pathways [93,94]. In addition, in models of infection of
host cell lines, infections cannot easily be maintained for long time
periods, making these models more close to acute than to chronic
infections. The results obtained using such systems may partially
account for the lack of concordance with the ﬁndings in the gastric
mucosa of patients. In particular, gastric biopsy specimens of pa-
tients with and without H. pylori infection do not show any differ-
ences in the expression or distribution of E-cadherin, b-catenin, or
p120 [58]. This does not mean that the phenomena observed
in vitro do not occur in vivo, but may be explained if H. pylori-in-
duced alterations in the adherens junctions are fast and transient
and, therefore, not observable in ﬁxed gastric specimens. Another
possible explanation is that alterations in adherens junctions in-
duced by H. pylori only occur in a subset of cells, and techniques
used are not sufﬁciently sensitive to detect them.
Notwithstanding, H. pylori targeting of the adherens junctions
may be beneﬁcial for the establishment of colonization, bacterial
replication and persistence at the host epithelial surface, but may
also enable contact between the bacteria and host cell receptors
that are usually situated basolaterally, causing abnormal receptor
activation and stimulation of signaling pathways involved in
inﬂammation, proliferation, migration, and invasion, which in a
proportion of the infected individuals will have detrimental conse-
quences that will result in disease development.
Future integration of the H. pylori-adherens junctions interac-
tions in a comprehensive model that includes in vivo data will con-
stitute an important area of research, the unraveling of which will
provide further insights on H. pylori pathogenesis and on the
molecular mechanisms relevant to disease development.
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